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(57) The cylindrical container's inner surface tester 
extracts image information about the opening portion 
and the deformation of the inner surface of a test cylin- 
drical container through an image recognizing tech- 
nique, and checks the circularity of the opening portion 
of the container. According to the image information, it 
specifies the position of a test cylindrical container as a 
predetermined position. Since it sequentially checks a 
series of cylindrical containers, the adjacent point 
between the containers must be identified. Then, the 



cylindrical container's inner surface tester identifies the 
adjacent point of cylindrical containers through calcula- 
tions and logical operations according to the image 
information. Likewise, the cylindrical container's inner 
surface tester extracts a test area of an opening portion 
of an image of a test cylindrical container according to 
calculations and logical operations, and performs vari- 
ous processes such as determining the acceptability of 
the extracted white or black level of an image. 
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Description 

Background of the Invention 

The present invention relates to a cylindrical con- 5 
tainer's inner surface tester as an image "processing 
device for testing inner surfaces of cylindrical containers 
such as beer cans while being carried by a conveyer to 
detect foreign substances, dust, scratches, etc. 

Figure 12 is a view for explaining a highlighted por- 
tion of a sample aluminum beer can when observed 
from above. Figure 12A is a top view (image) of the con- 
tainer (can); and Figure 12B is its sectional view. 102 is 
a container; 101 is a ring-shaped illuminator for illumi- 
nating the container 102 from above; 103 is a high- 
lighted portion at the opening of the container; and 104 
is a highlighted portion of its bottom. Thus, the portions 
1 03 and 1 04 are highlighted at the opening and the bot- 
tom of the container. They are specifically highlighted if 
the container has metallic luster inside. 

Figure 13B shows intensity variations represented 
by the scanning line Q - Q1 on the top view of the con- 
tainer 102 (Figure 13A). The intensity variations can be 
classified into 5 level area from W1 to W5. First area W1 
refers to the highlighted opening portion 103; second 
area W2 refers to the internal upper middle part of the 
container indicating comparatively high intensity; third 
area W3 refers to the internal lower middle part of the 
container subject to less amount of light of the illumina- 
tor 101 shown in Figure 12 indicating intensity lower 
than other portion of the container; fourth area W4 
refers to the highlighted portion of the bottom; and fifth 
area W5 refers to the inner bottom of the container. 

Conventionally, these areas W1 - W5 are provided 
with a window individually and assigned thresholds 
used for detecting defects such as blacks spots (black 
points) and white spots (white points) according to the 
optical characteristics of each area. One method of 
detecting a defect is, for example, to convert by a prede- 
termined threshold a multi-value continuous tone image 
signal of 8 bits, etc. to a binary value. The signal is 
obtained by A/D -converting an analog video signal 
(analog continuous tone image signal) obtained by 
scanning a target image. Another method is a differenti- 
ation method in which the above described video signal 
is differentiated through . a differentiation circuit as 
shown in Figure 29 to extract a defect signal. In the dif- 
ferentiation method, a differentiation signal can be 
obtained for the contour of a test object. While either of 
a positive pulse or a negative pulse is generated by the 
differentiation along the contour of a test object, these 
pulses are generated simultaneously at a fine defective 
point, thereby extracting a defect. 

That is, if the following expressions exist between 
the a value P(i,j) and values P(i-ocj) and P(i+p.j), where 
P(i,j) indicates a target point (coordinates x=i and y=j ) 
referred to by a signal P(x,y) obtained by differentiating 
an analog continuous tone image signal generated by a 
luster scanning operation, and P(i-a,j) and P(i+p,j) indi- 



cate the points a picture elements forward and p picture 
elements backward of the above described point P(ij) in 
the x direction of the scanning line. 

P(i.j) • P(i-aj) > TH1 and 
PO+PJ) - P(U) > TH1 

where TH1 indicates a predetermined threshold 
(positive value). 

A binary function values PD(i,j)=1 and PD(i,j)=0 are 
defined for detecting a defect on a target point and 
respectively indicate an abnormal black point and a nor- 
mal point. 

However, in the above described defect detecting 
method, an optimum value of a threshold TH1 to be 
determined by optical characteristics of a container's 
inner surface is subject to change. Accordingly, in the 
conventional method, a number of concentric circle win- 
dows are necessary as shown by windows W1 - W5 in 
Figure 13 (five windows in this case). Simultaneously, 
these windows must be assigned different thresholds 
TH1 (and coordinates a, 

p,). Thus, much time is wasted during the luster scan- 
ning operation, thereby offering a bottleneck to a high 
speed defect detection. 

Summary of the Invention 

An object of the present invention is to provide a 
cylindrical container's inner surface for checking a large 
number of cylindrical containers by quickly detecting 
stains and other defects such as deformations and con- 
cavities on a cylindrical container. Another object of the 
present invention is to 

provide a high-precision cylindrical container's 
inner surface tester for exactly detecting stains and 
other defects such as deformations and concavities on 
a cylindrical container. 

Briefly, the objects of the present invention can be 
realized by providing the following configuration. 

The cylindrical container's inner surface tester com- 
prises not only a conventional defect detector but also a 
circularity tester for checking the circularity of the open- 
ing portion of a container. 

Furthermore, the cylindrical container's inner sur- 
face tester comprises a test cylindrical container posi- 
tion specifier for selecting the orthogonal scanning line 
of a series of cylindrical containers to avoid the undesir- 
able influence on images as the interference of adjacent 
containers during a sequential check on serially 
arranged test cylindrical containers, and for specifying 
the position of a test cylindrical container by obtaining 
the coordinates of the central point of the first rise point 
and the last fall point of a signal obtained by scanning 
the selected line. 

Besides, the cylindrical container's inner surface 
tester comprises a projector for performing a binary 
conversion on an image signal obtained by scanning an 
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image picked up from the illuminated container such 
that a binary image of the highlighted opening portion of 
the cylindrical container can be obtained, and for pro- 
jecting the binary image signal in the orthogonal direc- 
tion of a series of cylindrical containers. It also 5 
comprises an area identifier for obtaining the difference 
in the number of projected picture elements between 
the central point of the opening portion of the projected 
image obtained by the projector and another point of the 
image, calculating the difference in the number of pro- w 
jected picture elements outwards from the center, 
detecting the paint at which the difference in the number 
of projected picture elements becomes larger than a 
predetermined threshold before the number of pro- 
jected picture elements first turns negative, and identify- 15 
ing the adjacent point by adding a correction value to 
the coordinates of the detected point. 

Additionally, it comprises a peak/bottom defect 
determiner for determining a target picture element to 
be defective if two difference values obtained by sub- 20 
trading the value of a target picture element from each 
of the values of two background points each being apart 
from said target point forward and backward each by the 
same number of picture elements in the same scanning 
line indicate the same polarity, if the absolute value of 25 
one of said two difference values is larger than a prede- 
termined first threshold of the polarity, and if the abso- 
lute value of the other difference value is larger than a 
predetermined second threshold of said polarity, an 
image area divider for dividing according to the optical 30 
characteristics of the cylindrical container's inner illumi- 
nated surface the area of the image to be processed by 
the peak/bottom defect determiner, and a state determi- 
native element varying unit for varying for each of the 
test areas divided by the test area divider at least one of 35 
the background picture element, the first threshold, and 
the second threshold. 

The present invention relates to a cylindrical con- 
tainer's inner surface tester for illuminating from above 
an opening of a test container located at a predeter- 40 
mined position with its opening set levelly, for picking up 
said opening through a TV camera, and for detecting 
black and white spots on the inner surface of said cylin- 
drical container by analyzing using defect detecting 
means an image obtained by said TV camera, said as 
tester comprising: 

circularity test means for testing the circularity of a 
circle of a highlighted area indicating the opening or 
the convex/concave portion of said cylindrical con- so 
tatner; and 

determining means for determining the acceptabil- 
ity of the inner surface of said cylindrical container 
according to the test results of said circularity test 
means and said defect detecting means. ss 

The invention further relates to a cylindrical con- 
tainer's inner surface tester for illuminating from above 
an opening portion of a test cylindrical container located 



at a predetermined position adjacently in series in a 
specified direction, for picking up said opening portion 
using a TV camera, and for analyzing an image 
obtained by said camera so that inner black and white 
spots are exactly searched for, said tester comprising: 

binary signal generating means for controlling such 
that a binary signal can be generated for a high- 
lighted area and an unhighlighted area of said 
image, and 

means for specifying the position of a test cylindri- 
cal container according to the coordinates of the 
middle point of the first rise point and the last fall 
point based on the signal obtained by said binary 
signal generating means by scanning an area unaf- 
fected by the adjacency of other containers. 

The invention further relates to a cylindrical con- 
tainer's inner surface tester, wherein 

said cylindrical container position specifying 
means comprises cylindrical container position specify- 
ing value determining means for determining a specific 
value of the position of a cylindrical container by calcu- 
lating an average value of the coordinates, of middle 
points obtained by scanning said image along a plurality 
of scanning lines. 

The invention further relates to a cylindrical con- 
tainer's inner surface tester for illuminating from above 
an opening portion of a test cylindrical container located 
at a predetermined position adjacently in series in a 
specified direction, for picking up said opening portion 
using a TV camera, and for analyzing an image 
obtained by said camera so that inner black and white 
spots are exactly searched for, said tester comprising: 

binary signal generating means for controlling such 
that a binary signal can be generated for a high- 
lighted area and an unhighlighted area of said 
image, 

means for projecting said binary signal obtained by 
said binary signal generating means in the orthogo- 
nal direction of said adjacency of containers, and 
means for obtaining the difference in the number of 
projected picture elements between the central 
point of said opening portion of said projected 
image obtained by said projecting means and 
another point of said image, calculating said differ- 
ence in the number of projected picture elements 
outwards from the center, detecting the point at 
which said difference in the number of projected 
picture elements becomes larger than a predeter- 
mined threshold before said number of projected 
picture elements first turns negative, and identifying 
the adjacent point by adding a correction value to 
the coordinates of said detected point. 

The invention further relates to a cylindrical con- 
tainer's inner surface tester for illuminating from above 
an opening of a test container located at a predeter- 
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mined position with its opening set levelly, for picking up 
said opening through a TV camera, and for detecting 
black and white spots on the inner surface of said cylin- 
drical container by analyzing an image obtained by said 
TV camera, said tester comprising; 5 

peak/bottom defect determining, means for deter- 
mining a target picture element to be 'defective if 
two difference values obtained by subtracting the 
value of a target picture element frown each of the 10 
values of two background points each being apart 
from said target point forward and backward each 
by the same number of picture elements in the 
same scanning line indicate the same polarity, if the 
.absolute value of one of said two difference values is 
is larger than a predetermined first threshold of said 
polarity, and if the absolute value of the other differ- 
ence value is larger than a predetermined second 
. threshold of said polarity, 

means for dividing according to the optical charac- 20 
teristics of the cylindrical container's inner illumi- 
nated surface the area of said image to be 
processed by said peak/bottom defect determining 
means, and 

state determinative element varying means for var- 25 
ying for each of said test areas divided by said test 
area dividing means at least one of said back- 
ground picture element, said first threshold, and 
said second threshold. 

30 

A cylindrical container's inner surface tester further- 
more comprises: 



black level defect determining means for setting a 
third threshold for each of said test areas, and 
determining that a gray-scale image is defective in 
its black level when the value of said gray-scale 
image signal contains a picture element smaller 
than said third threshold. 

Brief Description of the Drawings 



35 



40 



Figure 1 is a block diagram of the hardware config- 
uration of the first embodiment of the present inven- 
tion; 45 
Figure 2 is a block diagram of the hardware config- 
uration of the second embodiment of the present 
invention; 

Figure 3 shows the relationship between the inten- 
sity variations inside a cylindrical container and the so 
division of a window based on the present inven- 
tion; 

Figure 4 shows the influence of a defective inner 
surface of a container on a highlighted portion; 
Figure 5 is a view of points in the circumference of 55 
a highlighted portion which are used in a circularity 
test; 

Figure 6 is a block diagram for explaining the deter- 
mination of the circularity; 



Figure 7 shows how to detect a point in an inner cir- 
cumference of a highlighted portion; 
Figure 8 is a block diagram of the detailed configu- 
ration of the image edge detecting circuit; 
Figure 9 is a flowchart for explaining the procedure 
of the operation associated with the configuration 
shown in Figure 1 ; 

Figure 10 is a flowchart for explaining the proce- 
dure of the operation associated with the configura- 
tion shown in Figure 2; 
Figure 11 shows the highlighted portion inside a 
container having an unusual bottom shape; 
Figure 12 shows the highlighted portion inside a 
container; 

Figure 13 shows the relationship between the inten- 
sity variations inside a cylindrical container and the 
conventional division of a window; 
Figure 1 4 shows how to detect the position of a tar- 
get image in the first embodiment; 
Figure 15 shows the detailed drawing for supple- 
menting Figure 14; 

Figure 1 6 shows how to detect a target image in the 
second embodiment of the present invention; 
Figure 1 7 shows how to detect a target image in the 
• third embodiment of the present invention; 
Figure 18 shows the conventional method of detect- 
ing a container adjacent point; 
Figure 19 shows an example where an adjacent 
point cannot be detected in the method shown in 
Figure 18; 

Figure 20 shows how to detect an adjacent-point 
according to the present invention; 
Figure 21 is an enlarged view of Figure 20; 
Figure 22 shows the principle of the method of 
detecting a bottom and performing a binary conver- 
sion; 

Figure 23 is a block diagram for explaining the hard- 
ware configuration of the third embodiment of the 
present invention; 

Figure 24 is a block diagram for explaining in detail 
the configuration of the peak/bottom detecting cir- 
cuit in an embodiment of the present invention; 
Figure 25 shows the first embodiment of the screen 
scanning method of the present invention; 
Figure 26 shows the second embodiment of the 
screen scanning method of the present invention; 
Figure 27 shows the third embodiment of the 
screen scanning method of the present invention; 
Figure 28 shows the relationship between the 
defect detecting method of the present invention 
and the shape of a defective portion; 
Figure 29 shows an example of an analog differen- 
tiation circuit; and 

Figure 30 shows the conventional method of detect- 
ing a defect. 

Description of the Preferred Embodiment 

Figure 30 is a view for explaining the problem in the 
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conventional defect detecting method based on the dif- 
ferentiation method. Figure 30A shows an example of 
intensity variations (analog continuous tone image sig- 
nal) represented by the scanning line Q-Q1 ; Figure 30B 
shows an example of an analog differentiation signal 
shown in Figure 30A; and Figure 30C shows an exam- 
ple of a digital differentiation signal shown in Figure 
30A. The portions indicated by BDs shown in Figures 
30A - 30C refer to black spots. That is, there are follow- 
ing problems in the conventional defect detecting 
method in which a black level defect BD is extracted by 
a signal in the area having intensity variations as shown 
in Figure 30A. In the analag differentiation method, a 
differentiation signal indicating a small defective point is 
superposed on a basic intensity differentiation signal 
according to a time constant of a filter circuit as shown 
in Figure 30B. In the digital differentiation method, a sig- 
nal indicates unstable values as shown in Figure 30C, 
and a differentiation signal indicating a defective point is 
embedded in noise components, thereby getting in diffi- 
culties in detecting a defect signal according to a prede- 
termined threshold. 

Figure 11 is a sample top view of a container 102 
having a projecting portion 102a which often generates 
highlighted portions 104-1, 104-2, etc. in series accord- 
ing to the form of the container's bottom or the varia- 
tions in the reflection ' of a light off the side of the 
container. Specifically, most metallic containers have a 
mirror like inner surface and cause the above described 
problems. 

Such highlighted portions can be hardly removed 
only by appropriately using an illumination. Therefore, 
the conventional defect detecting method has, in vain, to 
solve the above described uneven illumination gener- 
ated as a highlighted portion inside a test container in 
testing its inner surface. 

An object of the present invention is to provide a 
cylindrical container's inner surface tester for detecting 
a defective portion stably and precisely even though 
there is uneven illumination inside a test container. 

To solve the above described problems, the cylin- 
drical container's inner surface tester illuminates from 
above in the axis direction of a container (for example, 
by a ring illumination 101) the inner surface of an axis- 
symmetrical cylindrical container (102, for example). A 
TV camera picks up the illuminated area of the cylindri- 
cal container from above in the axis direction. Then, the 
picked-up image is analyzed by a defect detecting unit 
(for example, a defect detecting circuit 7, a detected 
defect determining circuit 12, etc.) to determine a black 
or white spot inside the cylindrical container. 

The tester is also provided with a circularity tester 
(an image edge detecting circuit 6. a highlighted portion 
determining circuit 1 1 , etc.) for testing the circularity of a 
highlighted area in the picked-up image, and deter- 
mines the acceptability of the inner surface of the cylin- 
drical container according to the check results of the 
defect detecting unit and the circularity tester (through a 
general determining circuit 15, etc.). 



To solve the above described problems, the cylin- 
drical container's inner surface tester illuminates from 
above in the axis direction of a container (for example, 
by a ring illumination 101) the inner surface of an axis- 
5 symmetrical cylindrical container (102. for example) 
capable of being arranged adjacently to others in a pre- 
determined direction (for example, in the horizontal 
direction). A TV camera picks up the illuminated area of 
the cylindrical container from above in the axis direction. 
w Then, the picked-up image is analyzed by a defect 
detecting unit (for example, a defect detecting circuit 7, 
a detected defect determining circuit 12, etc.) to deter- 
mine a black or white spot inside the cylindrical con- 
tainer. 

T5 The tester comprises a scanning-line-direction 
position specifier (an image edge detecting circuit 6. 
etc.). The specifier obtains a binary image signal by per- 
forming a binary conversion, for the purpose of obtain- 
ing a binary image of the highlighted opening (103, for 
20 example) of the cylindrical container, on an image signal 
(for example, a multi-value continuous tone image sig- 
nal PO) obtained by scanning the picked-up image. 
Then, it specifies the position of the test cylindrical con- 
tainer in the scanning-line direction according to the 
25 coordinates of the middle points (MA, MB, etc.) between 
first rise points (AO, B0, etc.) and last fall points (A1 , B1, 
etc.) in the same scanning line of a binary image signal, 
among the above described binary image signals, in the 
area not affected by the above described adjacent 
30 arrangement (area except the area E, etc.). 

In the cylindrical container's inner surface tester, 
the above described position specifier defines an aver- 
age value of a plurality of coordinates of middle points in 
the scanning lines as a specific value indicating the 
35 above described position. 

To solve the above described problems, the cylin- 
drical container's inner surface tester illuminates from 
above in the axis direction of a container (for example, 
by a ring illumination 101) the inner surface of an axis- 
40 symmetrical cylindrical container (102, for example) 
capable of being arranged adjacently to others in a pre- 
determined direction (for example, in the horizontal 
direction). A TV camera picks up the illuminated area of 
the cylindrical container from.above in the axis direction. 
45 Then, the picked-up image is analyzed by a defect 
detecting unit (for example, a defect detecting circuit 7. 
a detected defect determining circuit 12. etc. ) to deter- 
mine a black or white spot inside the cylindrical con- 
tainer. 

so The tester comprises a projector (a Y projecting cir- 
cuit 10, etc.) and an adjacent area isolator (a process 
area determining circuit 14, etc.). The projector obtains 
a binary image signal by performing a binary conver- 
sion, for the purpose of obtaining a binary image of the 
55 ' highlighted opening (103. for example) of the cylindrical 
container, on an image signal (for example, a multi- 
value continuous tone image signal PO) obtained by 
scanning the picked-up image. Then, it projects the 
above described binary image signal in the direction 



5 



EP 0 791 822 A2 



10 



perpendicular to the above described adjacent arrange- 
ment direction (in the Y direction, etc.). The adjacent 
area isolator obtains the difference in the number of 
' image elements between the normal image and the pro- 
jected image, checks the difference in the number of 5 
picture elements from the center of the image of the 
cylindrical container to its circumference (to the opening 
of the container), detects a point where the difference in 
the number of picture elements exceeds a predeter- 
mined threshold (for example, the maximum difference w 
projection point APM) in the area from the center to a 
point where the difference in the number of picture ele- 
ments first falls to a negative, adds a predetermined 
correction value (p, for example) to the coordinates of 
the detected point, and extracts the above described 15 
adjacent arrangement area using the resultant coordi- 
nates. 

To solve the above described problems, the cylin- 
drical container's inner surface tester illuminates from 
above in the axis direction of a container (for example, 20 
by a ring illumination 101) the inner surface of an axis- 
symmetrical cylindrical container (102, for example). A 
TV camera picks up the illuminated area of the cylindri- 
cal container from above in the axis direction. Then, the 
picked-up image is analyzed to determine a black or 25 
white spot inside the cylindrical container. 

The cylindrical container's inside surface tester 
comprises a defective peak/bottom determiner (for 
example, an antecedent of an AND gate in a peak/bot- 
tom detection and binary-conversion circuit 24), an 30 
image test area divider, and a value changer. 

.The defective peak/bottom determiner determines 
that a target picture element is defective if two differ- 
ences obtained by subtracting the value (for example, 
PO(i.j)) of a target picture element in the same picture 35 
element scanning line for a continuous tone image sig- 
nal (test area continuous tone image signal 23a, etc.) 
which is obtained by scanning the above described 
picked-up image from the values (PO(i+a ,j), PO(i-aj), 
etc.) of two background picture elements (hereinafter 40 
referred to as a forward background picture element and 
a backward background picture element respectively) a 
predetermined number of picture elements (hereinafter 
referred to as picture elements) backward or forward of 
the target picture element indicate the same polarity, if 45 
an absolute value of one of the above described two dif- 
ferences is larger than a predetermined first threshold 
(THD, for example) corresponding to the polarity, and if 
the other absolute value is larger than a predetermined 
second threshold (THD, for example). 50 

The divider divides (into Z1-Z4, Za-Zc, etc.) the test 
area of a target image of the defective peak/bottom 
determiner according to the optical features of a cylin- 
drical container's inner surface illuminated by the above 
described illuminator. 55 

The value changer changes at least one value 
among the number of the above described a picture ele- 
ments, the first threshold, and the second threshold. 
Defects can be detected precisely by divisionally 



extracting highlighted portions after a binary conversion 
and checking the circularity of the divisionally extracted 
patterns to collectively detect the deformation, irregular 
concave, and black dust spots on test objects. Then, 
black and white spots are checked concurrently in the 
same window area, thereby reducing the number of win- 
dow areas and performing the whole process at a high 
speed. 

An average value of the coordinates of middle 
points between first rise points and last fall points in the 
same scanning line of a binary image signal in the area 
not affected by the above described adjacent arrange- 
ment is obtained to specify the position of a tent cylindri- 
cal container prior to this circularity check. 

The projected amount of the binary image of the 
highlighted portion at the opening projected in the direc- 
tion perpendicular to the adjacent arrangement of con- 
tainers is obtained to isolate a test area from the area of 
an adjacent container. Then, the difference between the 
normal image and the projected image is searched for 
from the center to the edge of the container so that the 
adjacent point can be detected. 

A target picture element value and two background 
picture element values are extracted. The target picture 
element value (coordinates x=i and y=j ) at a target 
point PO(i,j) are associated with a multi-value continu- 
ous tone image signal PO(x,y) based on the luster scan- 
ning operation. The background picture element values 
of two background points PO(i+o,j) and PO(i-aj) indi- 
cate the value of the points each picture elements for- 
ward and backward of the above described point PO(i.j) 
in the x direction of the scanning line are extracted. 
Then, the intensity relationship where the relationship 
among these three points indicates a bottom when 
detected as a black level while it indicates a peak when 
detected as a white level is detected (that is, the differ- 
ence in intensity between a background picture element 
value and a target picture element value is detected). 
The target picture element value PO(i,j) is determined to 
be a defective picture element when the absolute value 
indicating the difference in the intensity exceeds a pre- 
determined threshold THD. 

Figure 22 shows the principle of the bottom-detec- 
tion binary-conversion method which is the most impor- 
tant point in the present invention. Figure 22A shows an 
example of a multi-value continuous tone image signal, 
PO(x,y) in the scanning line Q-Q'1 (y=j ), where 51 is a 
target point in a non-defective portion; and 52 and 53 
are forward background point and backward back- 
ground point of a non-defective portion respectively 

picture elements forward and backward of the 
target point 51 in the scanning line. 

Likewise, 54 is a target point in a defective portion; 
and 55 and 56 are forward background point and back- 
ward background point of a non-defective portion 
respectively picture elements forward and backward of 
the target point 51 in the scanning line. 

If the following expressions exist when the coordi- 
nates of a target point are (i,j) (that is, x=i and y=j ), a 
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binary function value POD(i,j)(referred to as a binary 
defective peak/bottom image signal) for detecting a 
defect on a target point equals 1 , and the target point is 
determined to be a bottom (defect). 



and 



PO(i-a.j) - PO(i.j) > THD 



PO(i+ a,j) - PO(iJ) > THD 



(1) 



(2) 



where THD indicates a predetermined threshold 
(positive value). 

The non-defective portion shown in Figure 22 does 
not apply to the above described expression (2), and no 
defects are detected. However, expressions (1) and (2) 
exist in the defective portion shown in Figure 22 and a 
bottom defect is detected. Figure 22B shows the above 
described peak/bottom binary image signal POD (x,j) as 
an output of defect determination. 

Thus, an optimum detecting performance can be 
realized by dividing the waveform shown in Figure 22A 
into a plurality of small areas and appropriately assign- 
ing to each of the small areas a threshold THD and the 
number a of picture elements indicated in expression 
(1) and (2) above. 

When a peak (defect) is detected by the present 
invention, the target point is determined to be a defec- 
tive peek having the peak/bottom binary image signal 
POD(i,j)=1 if the following expressions exist where the 
position of the difference paragraph in each of the 
above described expressions (1) and (2) is exchanged 
with the other paragraph as follows. 



and 



PO(i.j) - PO(i-aj) > THD 



PO(i.j) - PO(i+a,j) > THD 



(1A) 



(2A) 



An embodiment of the present invention is 
explained by referring to Figures 1 and 21 . Figure 1 is a 
block diagram of hardware as an embodiment of the 
present invention. In Figure, PO is a multi-value (exam- 
ple, 8-bit, for example) continuous image signal gener- 
ated by AD-converting a video signal obtained by luster- 
scanning a screen of a TV camera; a frame memory 1 
receives this multi-value continuous tone image signal 
■ PO and stores it as a piece of multi-value screen data; 
and an address generating circuit 3 generates 
addresses for the frame memory 1. A window memory 
2 stores a mask pattern prepared for each window; an 
address generating circuit 4 generates addresses for 
the window memory 2; and a window gate circuit 5 
masks a multi-value continuous tone image signal PO 
or an image signal 1a read from the frame memory 1 
with a mask pattern data 2a from the window memory 2, 
and passes the image signal PO or the image signal 1a 
in a specified window area. 



An image input switch 18 selectively switches either 
to the multi-value continuous tone image signal PO or to 
the frame memory image signal 1a. The switch 18 
applies to an image edge detecting circuit 6 the latest 
5 multi-value continuous tone image signal PO in parallel 
with an input of the signal PO to the frame memory 1 so 
that a position difference amount determining circuit 13 
described later can be operated. 

An image output switch 17 switches an output 
to image signal from the image input switch 18 received 
through the window gate circuit 5 to the image edge 
detecting circuit 6 or a defect detecting circuit 7. 

The image edge detecting circuit 6 detects the edge 
of an image, that is, the outer point (point in an outer cir- 
is cumference) and the inner point (point in the inner cir- 
cumference) of a ring-shaped highlighted portion. In the 
detecting operation, an inputted image signal is con- 
verted into binary data using a threshold predetermined 
for detecting the position of a target image and for use 
20 in a circularity test, etc. Then, the coordinates of rise 
points and fall points of the binary signal are stored as 
image edge data in a memory (6A through 6D 
described later by referring to Figure 8) of the image 
edge detecting circuit 6. 
25 A circuit 11 checks the circularity on the coordi- 
nates of the points in an outer or inner circumference 
detected by the image edge detecting circuit 6. 

To open a window at the right position relative to a 
target image, the position difference amount determin- 
30 ing circuit 1 3 detects the difference amount between the 
center of the current target image detected by the input 
of the latest multi-value image signal PO from the image 
edge detecting circuit 6 and the center of a predeter- 
mined window. 

35 The defect detecting circuit 7 detects a defect 
(black or white spot) by the differentiation method 
described in the prior art technology and calculates an 
area, etc. A defect detection determining circuit ^com- 
pares a detection result of the circuit 7 with a predeter- 
40 mined value to determine the acceptability. 

An X projection circuit 9 obtains an X-direction pro- 
jection pattern of a target image using a multi-value 
image signal PO received through the window gate cir- 
cuit 5. Likewise, a Y projection circuit 10 obtains a Y- 
45 direction projection pattern of a target image. A process 
area determining circuit 14 determines the image area 
of a test container not adjacent to images of other con- 
tainers using the data outputted from the two projection 
circuits 9 and 10. 
so A final determining circuit 15 receives determina- 
tion results from the highlighted portion determining cir- 
cuit 1 1 and the defect detection determining circuit 12 to 
give a final determination. An output circuit 16 indicates 
the acceptability of a test container according to an out- 
55 put determination signal outputted by the final determin- 
ing circuit. 

Figure 4 shows the influence of a defect in the high- 
lighted portion of a can, which has a defect in the inner 
surface, observed from above . Figure 4A is a plan view; 
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and Figure 4B is a sectional view. When there is dust 
detected at the opening of a container 102, it is detected 
as a lack in a circumference which indicates the high- 
lighted portion 103 at the opening as shown in Figure 
4A. If there is a big concave deformation 1 1 2 on the side 5 
of a container, it can be detected as a deformation in the 
highlighted bottom portion 104. However, unlike dust, 
etc., since a concave deformation indicates a small con- 
trast difference, the concave deformation 112 can be 
easily detected by the circularity check performed on w 
the highlighted-bottom portion 104. 

Figure 5 is a view for explaining the circularity 
detecting method operated by the highlighted portion 
determining circuit 11. In Figure 5, "xOj" and "x1j" 
respectively indicate a rise point and a fall point of coor- is 
dinates of a point in an outer circumference which indi- 
cates a highlighted portion of a non-defective container 

(where j=1 ,2 that is, j is a parameter corresponding 

to a coordinate of "y" in the horizontal scanning line). 
First, the coordinate variation X k+1 - X k of a non-defec- 20 
tive container is calculated. Then, the maximum value 
(max (a, b) described later) and the minimum value (min 
(a, b) described later) which provide the above 
described allowable range are respectively stored in the 
maximum value table TB1 and the minimum value table 25 
TB2 each shown in Figure 6 as allowable value tables 
TB. In this case, the value k is Oj or 1 j. 

In Figure 5, since images are not stable at a several 
lines near the top and the bottom, they must be 
excluded or assigned a large allowable value. There- 30 
fore, the allowable value of X K+1 - X K is determined as 
follows based on the coordinate variation of a non- 
defective container. 

min(a.b) - a < X K+1 - X k < max(a.b) + a 35 

where max(a.b) means the maximum value "a" 
or "b" (shown below) whichever is larger. Likewise, 
rnin(a.b) means the minimum value "a" or "b" whichever 
is smaller. 40 

a = X k - X k-1 
b = X k+2 - X k+1 

45 

a is a fixed value for moderating a detected sensi- 
tivity in consideration of a quantization error, etc. gener- 
ated when an image is converted to a digital image. 

"a" and "b" can also be assigned to determine the 
allowable range of two lines as follows. 50 

a = X M - X k . 2 

D = * *k+2 

55 

Thus, the highlighted portion determining circuit 1 1 
stores an allowable value of a non -defective container 
for each line as a maximum table TB1 and a minimum 
table TB2 shown in Figure 6, and serially compares for 



a circularity test the variation in coordinates of a test 
image with the allowable value indicated in the table 
TB1 or TB2. 

If a predetermined number of scanning lines of a 
5 non-defective container does not match the number of 
scanning lines of a test image, the above described 
comparison is performed serially from the top or the bot- 
tom of the container to its center. The difference in the 
number of scanning lines is balanced around the center 
w where the variation is smaller than in upper or lower 
lines. That is, when the number of lines shown in the 
allowable table of a non-defective container is smaller, 
the comparison is performed using the allowable value 
for the center line (refer to Figure 6). In Figure 6, the 
15 same process is performed twice for an upper circle and 
a lower circle, and the allowable value table stores the 
values only for half a circle. 

The above described test is performed for an outer 
circumference. The test method for an inner circumfer- 
20 ence is explained below. Figure 7 shows how to detect 
coordinates in an inner circumference of a highlighted 
portion. Figure 7A is a plan view of a test container; and 
Figure 7B shows in binary how continuous tone image 
signals change at the highlighted portions in the scan- 
25 ning line Q-Q1 . First fall points of binary signals 121 in 
scanning lines shown in Figure 7B detect the coordi- 
nates 121a indicated as the bold curves shown in Fig- 
ure 7A. Since the coordinates in the inner 
circumference range between D and D1, the line D-D1 
30 is determined to be the line where the coordinate varia- 
tion shows inversion, thereby obtaining the coordinates 
of the left half inner circle. Likewise, each of the last rise 
points 1 22 in each scanning line generates the right half 
inner circle. Thus, the circularity test is performed on the 
35 inner circumference. 

Figure 8 shows the further detailed configuration of 
the image edge detecting circuit 6 shown in Figure 1 . In 
Figure 8, a memory 6A stores a first rise point; a mem- 
ory 6B sores a first fall point; a memory 6C stores a last 
to rise point; and a memory 6D stores a last fall point. The 
data in the memories 6A and 6D enable an outer cir- 
cumference to be detected, and the data in the memo- 
ries 6B and 6C enables an inner circumference to be 
detected. 

[ 5 The deformation and a concave on a container, and 
dust attracted to it can be detected with a high defect- 
detection precision when the above described outer cir- 
cumference is tested in a circularity test on the high- 
lighted portions. Therefore, the number of windows can 
0 be reduced by concurrently detecting black and white 
spots through the circularity test and the conventional 
defect detecting circuit Figure 3 corresponds to Figure 
13B, and shows an embodiment of a window based on 
the present invention. That is, in Figure 3, a new window 
5 WN1 is generated by combining a window W1 including 
the highlighted opening portion 103 shown in Figure 13 
and the adjacent window W2. Likewise, a new window 
WN2 is generated by combining a window W4 including 
the highlighted bottom portion 104 shown in Figure 13 
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and the- adjacent window W3. Another new window 
WN3 corresponds to a window W5 for the central part of 
the bottom shown in Figure 13. Thus, there are three 
window areas WN1. WN2, and WN3. thereby decreas- 
ing the number of areas. 

Figure 9 is a flowchart indicating the procedure of 
the operation shown in Figure 1. The operation is 
explained by referring to Figure 9. Numbers S1 • S13 
indicate the step numbers shown in Figure 9. First, the 
image output switch 17 is switched to the image edge 
detecting circuit 6. Simultaneously, the image input 
switch 18 is put through, that is, switched to directly 
input a multi-value image signal PO (S1). Thus, the dif- 
ference in the position of a target image is detected 
(S2). Simultaneously, a process area is determined 
through the X projection circuit 9, the Y projection circuit 
10, and the process area determining circuit 14 (S3). 

That is, in step S 2, the position difference amounts 
Ax and Ay of a container image are obtained through the 
position difference amount determining circuit 1 3, and a 
value for correcting a horizontal position difference is 
sent to the image address generating circuit 3 so that a 
window can be generated at the right position. In step S 
3, a container image is isolated from another if they are 
arranged adjacent to each other by the process area 
determining circuit 14 so that one scanning area does 
not contain adjacent container images. 

Then, the image input switch 18 is switched to the 
frame memory 1 (S4), and the following acceptability 
determining process is performed based on the contin- 
uous tone image data 1a in the frame memory 1. First, 
a test window area of a test can refers to the area of the 
window WN1 including the highlighted opening portion 
103 and masks other window areas WN2 and WN3 
(S5). Next, the process in step S 6 is performed until the 
test is completed for all the windows (branch to N in step 
S5A). In step S 6, the image output switch 17 is 
switched to the defect detecting circuit 7 to detect a 
defect through the defect detecting circuit 7 and the 
defect detection determining circuit 12 (S7). The defect 
detecting circuit 7 detects black or white spots by the dif- 
ferentiation method, etc. to count the number of defec- 
tive picture elements. The defect detection determining 
circuit 12 compares the counted number of defective 
picture elements with a predetermined value to deter- 
mine the acceptability and output the. result to the final 
determining circuit 15 in the step described later. 

Then, the image output switch 17 is switched to the 
image edge detecting circuit 6 to operate the image 
edge detecting circuit 6 again, represent highlighted 
portion in binary as described above so that coordinates 
or an area of an outer or inner circle can be calculated 
(S9), perform the circularity test and compare the 
results with the standard area value through the high- 
lighted portion determining circuit 1 1 so that the accept- 
ability can be determined, and output the determination 
result to the final determining circuit 15 in the step 
described later. 

The final determining circuit 15 instructs the output 



circuit 16 to output a defect (S12) if either the high- 
lighted portion determining circuit 11 or the defect 
detection determining circuit 12 determines a defect 
(S1 0 to S1 1 . branch to Y). If the test container is deter- 
5 mined to be a non-defective product in step S 1 1 . con- 
trol is returned to step S 5 again, the next test area is the 
window area WN2 containing the highlighted bottom 
portion 104, the other areas WN1 and WN3 are 
masked, and the "following steps up to step 12 are 
jo repeated. When the tests on all the windows are com- 
pleted up to the window WN3 (in step S5A, branch to Y), 
the output circuit 16 is instructed to output the .non- 
defective product through the final determining circuit 
15(S13). 

15 Figure 2 shows the block circuit in which the proc- 
ess shown in Figure 1 can be performed in a high 
speed. In Figure 2, the image input switch 18 shown in 
Figure 1 is omitted and the window circuit 5 is revised as 
a new window circuit 5A, two circuits 6-1 and 6-2 corre- 
20 sponding to the image edge detecting circuit 6 are pro- 
vided where one image edge detecting circuit 6-2 
directly receives a multi-value image signal PO (through 
the window gate circuit 5A) and provides the detection 
result for the position difference amount determining cir- 
25 cuit 13. Furthermore, the image output switch 1 7 shown 
in Figure 1 is omitted and the output image signal 1a 
from the frame memory is provided concurrently for the 
other image edge detecting circuit 6-1 and the defect 
detecting circuit 7 (through the window gate circuit 5A) 
30 to concurrently perform the processes by the high- 
lighted portion determining circuit and the defect detect- 
ing circuit 11. 

Figure 10 is a flowchart for describing the proce- 
dure of the operation shown in Figure 2, where the 
35 switching steps S 1 , S 4, S 6, and S 8 of the switches 1 7 
and 18 are omitted from the procedure shown in Figure 
9. Additionally, the defect detecting process in step S 7 
and the process of highlighted portions in step S 9 are 
performed concurrently, 
40 Figure 1 1 is an explanatory view of a highlighted 
bottom portion of a container whose bottom is formed 
uniquely. Figure 1 1 A is a plan view (image); and Figure 
11B is a sectional view. In this embodiment, the high- 
lighted bottom portion 104 is generated as 104-1 and 
45 104-2. In this way, a highlighted bottom portion can be 
generated concentrically in more than one circle 
depending on the shape of the bottom part of a con- 
tainer. In this case, the bottom area is appropriately 
divided and the number of windows is increased corre- 
50 spondingly. Step S 5 shown in Figures 9 and 10 shows 
a conditional branch involved. Since a bottom portion is 
a comparatively small area to be scanned, it can be 
processed at a high speed even though the number of 
windows is increased to some extent. 
55 Additional explanation about an embodiment of a 
position detecting operation performed for a test image 
by the image edge detecting circuit 6 (Figure 1) is given 
below by referring to Figures 14 and 17. Figure 14 
shows an image of a highlighted portion converted to 
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the binary representation by the image edge detecting 
circuit 6. In Figure 1 4, 20 1 is a mask pattern, and 20 1 -2 
is a container adjacent to a te.st container 201 (102-1). 
That is, the highlighted bottom portion 1 04 is masked by 
the mask pattern 201 through the window gate circuit 5 
shown in Figure 1. The coordinates indicated by the 
bold curves shown in Figure 14 can be obtained when 
first rise points such as AO and B0 and last fall points 
such as A1 and B1 are detected in the scanning direc- 
tion in a binary image. However, incorrect coordinates 
are obtained in the area E when any container is adja- 
cent to the test container. Therefore, the position of the 
test container must be detected by the lines near the 
longest possible lines such as A0-A1 and B0-B1 in the 
horizontal scanning lines connecting the above 
described coordinates indicated by the bold curves out 
of the area E. 

Figure 15 shows how the center positions (x coordi- 
nates) along horizontal scanning lines of a test con- 
tainer are obtained by calculating middle points MA 

(MA1 ... MA4) of lines A01-A11 A04-A14 near the 

lines A0-A1 and B0-B1 out of the area E as described 
above by referring to Figure 14, likewise by calculating 
the middle points MB (MB1 ... MB4) of lines B01-B11, 
.... B04-B14, and by calculating the average value of 
these middle points MA1 ... MA4 and MB1 ... MB4. 

The y coordinates can be obtained by calculating 
the average value of the coordinates of both ends 
(upper and lower limits) of the X direction projected pat- 
tern obtained by the X projection circuit 9 shown in Fig- 
ure 1. 

Figure 16 shows an example of a position detection 
by the method similar to the above described method in 
which an image is scanned vertically (in the Y direction) 
after the image is inputted to the frame memory 1a. 
That is, if containers are conveyed horizontally (in the X 
direction), they are not adjacent to one another verti- 
cally (in the Y direction). Therefore, there is no need to 
consider the area E shown in Figure 14. 

In Figure 15, a multi-value continuous tone image 
signal PO can be used directly. However, in Figure 16, 
an image signal 1a must be used from the frame mem- 
ory 1, thereby causing delay and incorrect position 
detection of a target image. However, the delay can be 
minimized by limiting the scanning operation shown in 
Figure 16 to a local area. 

Figure 17 shows another example of detecting the 
position of a container by regarding highlighted por- 
tions. This example is picked up by a camera 203 as an 
oblique top view of the container 102. The highlighted 
opening portion 103 is observed as a binary image as 
shown in Figure 17A. In this detected Image, first rise, 
points A01 ... A04 and last fall points A11 ... A14 are 
obtained in each horizontal scanning line. Then, an 
average value MA of the middle points of lines A01 -A1 1 , 
.... and A04-A14 are calculated to specify the horizontal 
position of the test container. The vertical position of the 
test container can be specified by obtaining the limit line 
L at which the length of the horizontal scanning line falls 



below a predetermined value, thereby specifying the 
upper limit of the horizontal position of the test con- 
tainer. 

This position detecting method can be applied 

5 when the upper limit of a container is specified as a pre- 
determined position determination point. 

Additional explanation is given below, by referring to 
Figures 18 and 21, about an embodiment of a process 
area determining operation when a test container is 

10 adjacent to other containers. The process area deter- 
mining circuit 14 shown in Figure 1 performs an arith- 
metic operation of determining a process area 
according to the information from the X projection circuit 
9 and the Y projection circuit 10. Figure 18 shows the 

15 conventional method of determining a .process area. 
Figure 18A shows a binary image converted to the 
binary representation of the whole container based on a 
threshold, where 102-1 is a test container; and 102-2 is 
a container adjacent to the test container 102-1. In this 

20 case, the containers are horizontally adjacent to one 
another. 

Figure 18B shows the number of projected picture 
elements of the image shown in Figure 18A calculated 
in the vertical direction. Figure 18C shows the differ- 
35 ence obtained by subtracting the projected amount (the 
number of projected picture elements). In a relatively 
simple pattern shown in Figure 18", a right adjacent point 
PA and a left adjacent point PB can be detected by a 
change point shown in Figure 18C, thereby isolating the 
30 adjacent containers. 

Figure 19 is a view for explaining the conventional 
. - method similar to one shown in Figure 1 8 in which adja- 
cent points cannot be detected easily. That is, as shown 
by the actual test image in Figure 19A, only a part of 
35 adjacent containers may be detected in binary. There- 
fore, the projection pattern comes out as shown in Fig- 
ure 19B, and the difference projection pattern is 
represented as shown in Figure 19C, thereby prevent- 
ing the containers from being isolated easily. 
40 Figure 20 is a view for explaining the process area 
i determining method based on the present invention for 
testing a container adjacent to other ones. That is, a 
threshold is determined to detect by the Y projection cir- 
cuit 10 a highlighted opening portion 103 as a ring- 
45 shaped image, a multi-value continuous tone image sig- 
nal PO is converted to the binary representation to 
obtain a binary image shown in Figure 20A, and then a 
projection pattern of this binary image shown in Figure 
20B can be obtained by calculating the projection in the 
so Y direction vertical to the adjacent direction (horizon- 
tally, that is, the X direction). 

Next, the process area determining circuit 1 4 calcu- 
lates the difference in the projected amount (the number 
of projected picture elements) shown in Figure 20B from 
55 • the center to the opening of a test container 102-1 as 
shown by the arrow 301 in Figure 20C, and obtains a 
difference projection pattern as shown in Figure 20C. 
Then, adjacent points can be obtained as follows. 

That is, to obtain the right adjacent point PA, a 
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detecting operation is performed from a side point P1 to 
the opening portion shown in Figure 20C to obtain the 
point APM at which the maximum difference projected 
amount is obtained (maximum difference projection 
point) within the range to the point PD at which the dif- 5 
ference projection pattern graph first indicates a turn to 
decrease (difference decrease start point). 

■ Figure 21 is a view enlarged around the point APM. 
In Figure 21 , PM marks the maximum projected amount 

" in the highlighted opening portion 103 (referred to as i 
the maximum projection point). APM is a point near the 
maximum projection point PM and can be obtained as 
follows relative to the maximum projection point PM, 
That is, the picture element number k is sequentially 
assigned from the center of the test container 102 to the 

■ X direction. The number of projected picture elements is 
Tk at the position of the picture element number k. The 
difference between the Tk and the number of the pro- 
jected picture elements T k+4 at the point four picture ele- 
ments apart to the right can be obtained as follows. 

AT K = T k+4 - T k 

If thus calculated differences generate a difference pro- 
jection pattern, APM indicating the maximum value of 
AT k is determined to be the point four picture elements 
inside the maximum projection point PM. 

In the present invention, the right adjacent point PA 
can be obtained by adding a predetermined correction 
value p to the maximum difference projection point 
APM. According to the result, adjacent containers are 
isolated and the resultant coordinates determine a proc- 
ess area. 

The maximum difference projection point APM is 
obtained first because it can be detected as stable coor- 
dinates while the maximum projection point PM is sub- 
ject to the influence of the fluctuation of the ring width of 
the highlighted opening portion 103 caused by the 
intensity of the illumination applied to the test container. 

Thus, the present invention can reduce the influ- 
ence of adjacent containers by detecting an adjacent 
point from the center to the opening of a test container 
by regarding the highlighted opening portions 103. 

Another embodiment of the present invention is 
described below by referring to Figures 22 through 28. 
Figure 23 is a block diagram of a hardware as an 
embodiment of the present invention. In Figure 23, a 
multi-value (8 bits, for example) continuous tone image 
signal PO is obtained by AD-converting the video signal 
provided by luster-scanning the surface of a TV camera 
not shown in Figure 23. A frame memory 1 receives a 
multi-value continuous tone image signal PO to store 
them as multi-value image data; an address generating 
circuit 3 is provided for the frame memory; a window 
memory 2 stores a mask pattern for each window; an 
address circuit 4 is provided for the window memory; a 
window gate 5E masks with a mask pattern data 2a 
obtained from the window memory 2 a multi-value con- 
tinuous tone image signal PO or an image signal 1a 



read from the frame memory 1, and passes only the 
image signal PO or the image signal 1a for the specified 
window area. 

Image edge detecting circuits 6-1 and 6-2 detect 
the edge of an image, that is, the outer edge (the point 
in the outer circumference) and the inner edge (the 
point in the inner circumference) of a ring-shaped high- 
lighted portion. In this case, an inputted image signal is 
converted to the binary representation using a predeter- 
\o mined threshold used for detecting the position of a tar- 
get image or performing the circularity test. Then, the 
image edge detecting circuit 6-1 and 6-2 store the rise 
point and the fall point coordinates of the binary signals 
each indicating the edge of an image in their own mem- 
15 ories. A circuit 11 performs the circularity test on the 
coordinates of the points in the outer and inner circum- 
ferences detected by the image edge detecting circuit 6- 
1. 

A circuit 13 detects the difference between the 
20 center position of an actual target image detected by the 
image edge detecting circuit 6-2 by applying the latest 
multi-value continuous tone image signal PO and the 
central position of a predetermined window. 

An area detecting circuit 21 receives a multi-value 
25 continuous tone signal 1 a through the frame memory 1 
and the window gate circuit 5E, and outputs an area sig- 
nal 21a as a signal for specifying an area to be scanned 
(that is, an area within the contour of a test container) 
for a defect on each of the horizontal scanning lines for 
30 the purpose of detecting a defective image. 

A line memory 22 receives an image signal 1a for 
each of the horizontal scanning lines in synchronous 
with the area detecting circuit 21 , and temporarily stores 
it. 

35 A AND gate 23 ANDs an area signal 2 1 a and a con- 
tinuous tone image signal 22a outputted by the line 
memory 22 as an image signal for each of the horizontal 
scanning lines corresponding to an area signal 21a, and 
outputs a continuous tone image signal for an area to be 
40 searched for a defect (referred to as a test area contin- 
uous tone image signal). 

A peak/bottom detection and binary-conversion cir- 
cuit 24 is an important part of the present invention and 
detects from an image signal 23a a defective picture 
45 element including a defective peak/bottom described by 
referring to Figure 22. 

An X projection circuit 9 obtains an X-direction pro- 
jection pattern of a target image using a multi-value 
image signal PO which has passed through the window 
so gate circuit 5E. Likewise, a Y projection circuit 10 
obtains a Y-direction projection pattern of a target 
image. A process area determining circuit 14 deter- 
mines using these output data of the projection circuits 
9 and 10 the area of a test container image not adjacent 
55 to other container images. 

A final determining circuit 15 receives a determina- 
tion result from the peak/bottom detection and binary- 
conversion circuit 24 to make final determination; and 
an output circuit 16 outputs the acceptability according 
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to a determination signal outputted by the final deter- 
mining circuit 15. 

Figure 24 is a block diagram of an embodiment of 
the detailed configuration of the peak/bottom detection 
and binary-conversion circuit 24 shown in Figure 23. s 
However, with this configuration, a bottom (defect) is 
. detected. In the case of a peak (defect) detection, the 
subtraction of subtraction circuits 36-1 and 36-2* is 
inverted, or an input image signal 23a applied to the 
peak/bottom detection and binary-conversion circuit 24 10 
is inverted. In this case, the function of a comparator 37- 
3 (black level determination by a fixed binary conver- 
sion) and that of a comparator 37-4 (white level determi- 
nation by a fixed binary conversion) are exchanged with 
each other. 15 

Next, the function shown in Figure 24 is explained 
below. Figure 24 shows the execution of the principle 
shown in Figure 23. In Figure 24, +a picture element 
delay circuits 32-1 and 32-2 sequentially delay an input 
image signal 23a (that is, a test area continuous tone 20 
image signal outputted by the AND gate 23 shown in 
Figure 23) by a picture elements in the scanning direc- 
tion. 

Smoothing circuits 41-1 and 41-2 smooth an image 
signal if necessary to reduce the influence of noises; 25 
and a smoothing circuit ON/OFF switch 42 switches ON 
or OFF the smoothing function. 

The smoothing circuit 41-1 is provided correspond- 
ing to the forward background point detecting circuit 33, 
and likewise, the smoothing circuit 41-2 is provided cor- 30 
responding to the backward background point detecting 
circuit 35. For the purpose of improving the sensitivity in 
detecting a defect in a target point (that is, improving the 
function of detecting a defective picture image by a 
small peak/bottom or small intensity variations, namely, 35 
by a small threshold value), the smoothing circuit is not 
provided for a target point detecting circuit 34 described 
later. 

A forward background detecting circuit 33 receives . 
as an original input image signal a test area continuous 40 
tone image signal 23a or a smoothed signal for it to 
detect a forward background point.. A target point 
detecting circuit 34 receives an output image signal of 
the + picture element delay circuit 32-1 to detect a target 
point. A backward- background detecting circuit 35 45 
receives an image signal outputted by the + picture ele- 
ment delay circuit 32-2 or a smoothed signal for it to 
detect a backward background point. Each of the 
detecting circuits 33, 34, and 35 simultaneously latches 
the picture element values PO(i+a,j), PO(i j), and PO(i- so 
a 

,j) described by referring to Figure 22 if the 
smoothing circuit 41-1 and 41-2 are omitted (that is, the 
smoothing circuit is short-circuited by the switch 42) 
when the delay circuits 32-1 and 32-2 are used. 55 

When the smoothing circuits 41-1 and 41-2 are 
used, the above described picture element values 
PO(i+a ,j) and PO(i-ctJ) are replaced with the results of 
the following expressions (3) and (4) respectively. 



PO (i+o. j) = { M £ n ' 1 PO (i+a+k, j) } /n (3) 



PO (i-a, j) = { k=0 £ n ' 1 PO (i-a-k, j) } /n 



(4) 



That is, the smoothing circuit 41 -1 replaces the pic- 
ture element value of the forward background point with 
an average value of n forward picture element values 
including the picture element value PO(i+a,j) of the for- 
ward background point and those of the points beyond 
it. Likewise, the smoothing circuit 41 -2 replaces the pic- 
ture element value of the backward background point 
with an average value of n backward picture element 
values including the picture element value PO(i-aJ) of 
the backward background point and those of the points 
beyond it. 

The average values are not calculated with the 
background point set as a median to prevent the picture 
element value PO(ij) of a target point from being 
involved in calculating the average values. 

An average value obtained by expression (3) or (4) 
can be replaced with a median in n picture element val- 
ues (that is, the value at the middle point when n values 
are arranged in order). 

Each piece of the above described image data 
latched by the detecting circuits 33, 34, and 35 shown in 
Figure 24 are applied to the subtracting circuits 36-1 
and 36-2 and the difference is calculated according to 
the contents of expressions (1) and (2) shown in Figure 
22. The difference is compared by comparators 37-1 
and 37-2 with a peak/bottom value THD each being pre- 
determined by threshold setting circuits 38-1 and 38-2. 
Thus, a peak/bottom binary image signal POD shown in 
Figure 22 (a defective bottom in this case) can be 
obtained as an output from the AND gate 39 for ANDing 
the comparators 37-1 and 37-2. 

The comparators 37-3 and 37-4 detect a defective 
picture element in a relatively large area. The compara- 
tor 37-3 receives image data of a target picture element 
outputted by the target point detecting circuit 34 which 
does not receive a smoothed image signal. Then, it 
compares the received data with a black level threshold 
THB determined by the threshold setting circuit 38-3, 
and detects and outputs a black level binary image sig- 
nal 37B indicating a black level defective picture ele- 
ment. 

Likewise, the comparator 37-4 receives data of a 
target picture element, compares it with a white level 
threshold THW determined by a threshold setting circuit 
38-4, and detects and outputs a white level binary 
image signal 37W indicating a white level defective pic- 
ture element. 

An OR gate 40 ORs the signals thus detected as 
defective picture element detection signals including a 
peak/bottom binary image signal POD, a black level 
binary image signal 37B, and a white level binary image 
signal 37W, and outputs a defective binary image signal 
40a. 

A black level defective picture element detector (the 
comparator 37-3, etc.) and a white level defective pic- 
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ture element detector (the comparator 37-4, etc.) oper- 
ate concurrently with the peak/bottom detector/binary- 
converter (an AND gate 39, etc.). These units sepa- 
rately test an image, and the results are finally put 
together and outputted as final determination. 

Next, an image scanning method is explained 
below. Figure 22A shows the continuous tone of an 
image at a section Q-Q1. In expressions (1), (2), (1A), 
and (2A), a means the number of picture elements, and 
is a parameter indicating the frequency of an image sig- 
nal at a defective portion (that is, the width of a peak or 
a bottom). However, as shown in Figure 22A, continu- 
ous tone image signals for the inner surface of a non- 
defective container complexly comprise various fre- 
quency components. Therefore, the inner surface of a 
container *must be divided if necessary and each of 
them must be assigned an optimum parameter. 

However, the intensity variations in background pic- 
ture elements can be simplified by appropriately deter- 
mining the scanning direction of the image, thereby 
improving the detection precision. 

Figure 25 is a view for explaining an embodiment of 
an image scanning method, where a window WB is 
divided into the following four areas each being selected 
as a target area to be searched for a defect; Z1 , Z2, Z3, 
and Z4 are respectively upper circle area, lower circle 
area, left circle area, and right circle area. That is, in Fig- 
ure 25, the highlighted bottom portion 104 having com- 
plicated intensity variations in the container 102 is 
selected through the window WB and a peak is detected 
and binary-converted. If the intensity variations are 
checked horizontally, for example, in the left circle area 
Z3 of the window WB, the intensity variations occur at a 
high frequency in portions such as "HF" shown in Figure 
25C. thereby affecting the detection sensitivity. How- 
ever, if the left circle area Z3 of Figure 25A is scanned in 
the direction' indicated by the arrow AR, intensity varia- 
tions can be obtained at a low frequency as the back- 
ground as shown in Figure 25B, while the defective 
portions are detected at a sufficiently high frequency, 
thereby improving the detective precision. 

Figure 26 is a view for explaining an embodiment of 
a simple picture scanning method. In Figure 26, an 
image is scanned horizontally as indicated by the arrow 
AR, and the window WB is divided into three areas Za, 
Zb, and Zc. In this case, a threshold for detecting a 
peak/bottom in the areas Za and Zc and a threshold for 
detecting a peak/bottom in the area Zb are determined 
separately to perform an optimum detection according 
to the frequency of the background intensity. 

In this case, the defect detection sensitivity is low in 
the area Zb. However, the detection sensitivity in the 
areas Za and Zc can be enhanced. 

Figure 25 shows a variation of the embodiment 
shown in Figure 25. In Figure 25. the scanning area is 
radially and equally divided into four fan-shaped areas. 
By contrast, in Figure 27, the area is equally divided into 
eight fan-shaped areas, and an optimum scanning 
direction AR is assigned respectively, thereby improving 



the detection sensitivity much more than the case in 
Figure 25. 

Figure 28 is a view for explaining the relationship 
between a defect detecting method based on the 
s present invention and the shape of a defective portion. 
In Figure 28A, defective portions 71 - 73 is detected in 
the image of the container 102. Figure 28B shows the 
. intensity variations in the scanning line QA-QA1 shown 
in Figure 28 A. Defective oval portions 71 an 72 show 
io different intensity frequencies depending on the direc- 
tion of their longer diameter. Therefore, the defect 
detection sensitivity can be improved by picking up the 
amount corresponding to the number a of picture ele- 
ments in expressions (1) and (2) several times and 
15 repeating the check. 

Figure 28C shows tie intensity variations in the 
scanning line QB-QB1 shown in Figure 28A. A defective 
portion 73 in this section is relatively large, and the var- 
iation in the continuous image signal is represented at a 
20 low frequency but sufficient to detect a black spot in 
contrast with its background. Since the defective portion 
73 must be detected at a low frequency, it cannot be 
successfully detected unless the number a of the above 
described picture elements is unpractically large 
25 enough in the bottonvdetection and binary-conversion 
process. In such a case, using the fixed binary conver- 
sion method shown in Figure 24, a defective portion 73 
is isolated and detected as a black level as shown in 
Figure 28C by setting a black level threshold THB by the 
30 threshold setting circuit 38-3 shown in Figure 24, 
thereby supplementing the detective sensitivity in the 
bottom-detection and binary-conversion process. 

A black-level threshold THB can be determined by. 
for example, obtaining an average value of picture ele- 
35 ment intensity data of a circumference (an illuminance 
measurement circle) such as a circumference 74 shown 
in Figure 28A, and subtracting a predetermined amount 
a from the average value. 

"me present invention performs a circularity test on 
40 the highlighted portions of the inner surface of a con- 
tainer. As a result, not only the deformation of a con- 
tainer or an abnormal concave in it, but the dust 
attracted to a highlighted portion of it can be detected 
with a high detective precision. Accordingly, a large win- 
45 dow area can be scanned at a time (that is, the number 
of windows can be reduced) by parallelly performing the 
circularity test and the black/white spot test by the con- 
ventional defect test method, thereby speeding up the 
whole process. 
so The present invention performs a circularity test on 
a highlighted portion of the inner surface of a container 
after specifying the position of the container by obtain- 
ing the coordinates of the middle point between the first 
rise point and the last fall point in the scanning line of 
55 the binary image of the highlighted opening portion of a 
container. As a result, not only the deformation of a con- 
tainer (can) or an abnormal concave in it, but the dust 
attracted to a highlighted portion of it can be detected 
with a high detective precision. Accordingly, a large win- 
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dow area can be scanned at a time (that is, the number 
of windows can be reduced) by paralielly performing the 
circularity test and the black/white spot test by the con- 
ventional defect test method, thereby speeding up the 
whole process. 5 

The present invention specifies the position of the 
container by obtaining the coordinates of the middle 
point between the first rise point and the last fall point in 
the scanning line of the binary image of the highlighted 
opening portion of a container. 10 

Then, it performs a circularity test on a highlighted 
portion of an inner surface of a container after obtaining 
the projected amount of a binary image of the high- 
lighted opening portion (the projection being made in 
the direction perpendicular to the container adjacent is 
direction), searching from the inner side to the outer 
. side of a container for the difference in the projected 
amount, detecting adjacent points on a predetermined 
condition, and isolating a target area from the area con- 
taining adjacent containers. As a result, not only the 20 
deformation of a container or an abnormal concave in it, 
but the dust attracted to a highlighted portion of it can be 
detected with a high detective precision. Accordingly, a 
large window area can be scanned at a time (that is, the 
number of windows can be reduced) by paralielly per- 25 
forming the circularity test and the black/white spot test 
by the conventional defect test method, thereby speed- 
ing up the whole process. 

The cylindrical container's inner surface tester illu- 
minates from above in the axis direction of a container 30 
by a ring illumination 101 the inner surface of an axis- 
symmetrical .cylindrical container 102. A TV camera 
picks up the illuminated area of the cylindrical container 
102 from above in the axis direction. Then, the picked- 
up image is analyzed to determine a black or white spot 35 
inside the cylindrical container 102. 1 

The cylindrical container's inside surface tester 
comprises a defective peak/bottom determiner (for 
example, an antecedent of an AND gate in a peak/bot- 
tom detection and binary-conversion circuit 24), an 40 
image test area divider, arid a value changer. " 

The defective peak/bottom determiner determines 
that a target picture element is defective if two differ- 
ences obtained by subtracting the value PO(ij) of a tar- 
get picture element in the same picture element as 
scanning line. for a continuous tone image signal 23a 
which is obtained by scanning the above described 
picked-up image from the values PO(i+aj) and PO(i-aj) 
of two background picture elements (hereinafter 
referred to as a forward background picture element and so 
a backward background picture element respectively) a 
predetermined number of picture elements (hereinafter 
referred to as a picture elements) backward or forward 
of the target picture element indicate the same polarity, 
if an absolute value of one of the above described two 55 
differences is larger than a predetermined first threshold 
(THD, for example) corresponding to the polarity, and if 
the other absolute value is larger than a predetermined 
second threshold (THD, for example). 



The divider divides (into Z1-Z4, Za-Zc, etc.) the test 
area of a target image of the defective peak/bottom 
determiner according to the optical features of a cylin- 
drical container's inner surface illuminated by the above 
described illuminator. 

The value changer changes at least one value 
among the number of the above described a picture ele- 
ments, the first threshold, and. the second threshold. 

The cylindrical container's inner surface tester fur- 
ther comprises a unit for repeating the process per- 
formed by the defective peak/bottom determiner by 
changing the number of picture elements for one of the 
above described test areas. 

The cylindrical container's inner surface tester fur- 
ther comprises a black level defect determiner (a com- 
parator 37-3, etc.) for determining a defective picture 
element whose continuous tone image signal 23a has a 
value smaller than a black level threshold THB, a third 
threshold predetermined for each test area. 

The cylindrical container's inner surface tester fur- 
ther comprises a white level defect determiner (a com- 
parator 37-4, etc.) for determining a defective picture 
element whose continuous tone image signal 23a has a 
value larger than a white level threshold THW, a fourth 
threshold predetermined for each test area. 

The cylindrical container's inner surface tester fur- 
ther comprises a unit for obtaining a complement of 1 or 
2 for the continuous tone image signal 23a to generate 
an inverted continuous tone image signal, converting 
the signal to the continuous tone image signal 23a, and 
providing it for the defective peak/bottom determiner, 
thereby detecting a picture element having a defective 
peak/bottom without inverting the above described 
polarity. 

The cylindrical container's inner surface tester fur- 
ther comprises a unit for obtaining a complement of 1 or 
2 for the continuous tone image signal 23a to generate 
an inverted continuous tone image signal, converting 
the signal to the continuous tone image signal 23a, and 
providing it for the black level defect determiner, thereby 
detecting a picture element having a white level defect 
through the black level defect determiner. 

The cylindrical container's inner surface tester fur- 
ther comprises a unit for selecting for each test area the 
direction AR which allows the lowest possible frequency 
in the variation of a continuous tone image signal 
among a plurality of predetermined image scanning 
directions such as horizontal, vertical and oblique direc- 
tions. 

The cylindrical container's inner surface tester fur- 
ther comprises a smoothing circuit 41-1 for outputting 
as the value of the above described forward background 
picture element an average value of the values of pic- 
ture elements in a section comprising a first predeter- 
mined number (n, for example) of picture elements 
containing the above described forward background 
picture element in the above described scanning line, 
and a smoothing circuit 41-2 outputting as the value of 
the above described backward background picture ele- 
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ment an average value of the values of picture elements 
in a section comprising a second predetermined 
number (n, for example) of picture elements containing 
the above described forward background picture ele- 
ment in the above described scanning line. 



highlighted area and those of a point where it exits 
from there are compared with a respective prede- 
termined value to check the circularity of said con- 
tainer according to said comparison result. 



5 



Since the cylindrical container's inner surface tester 
comprises the above described two units which output a 
median of the values, of picture elements in a corre- 
sponding section instead of the above described aver- 
age value, it car correctly detect a defect even though w 
uneven illuminance is caused by highlighted portions 
illuminated by an illuminator inside a cylindrical con- 
tainer. 

Claims 15 

1 . A cylindrical container's inner surface tester for illu- 
minating from above an opening of a test container 
located at a predetermined position with its opening 
set levelly, for picking up said opening through a TV 20 
camera, and for detecting black and white spots on 
the inner surface of said cylindrical container by 
analyzing using defect detecting means an image 
obtained by said TV camera, said tester compris- 
ing: 25 

circularity test means for testing the circularity 
of a circle of a highlighted area indicating the 
opening or the convex/concave portion of said 
cylindrical container; and 30 
determining means for determining the accept- 
ability of the inner surface of said cylindrical 
container according to the test results of said 
circularity test means and said defect detecting 
means. 35 

2. A cylindrical container's inner surface tester accord- 
ing to Claim 1, wherein 

said defect test means and said circularity 
test comprise control means for processing in par- 40 
all el a test image in the same window area. 

3. A cylindrical container's inner surface tester accord- 
ing to Claim 1 or 2, wherein 

said circularity test means comprises control 45 
means for controlling such that the circularity of 
both outer and inner highlighted areas appearing in 
said image is checked. 

4. A cylindrical container's inner surface tester accord- so 
ing to Claim 3, wherein 

said circularity test means comprises control 
means for controlling such that, when scanning 
said image along a scanning line in the X direction, 
the difference between the coordinates of a point 55 
where said scanning line enters said outer high- 
lighted area and those of a point where it exits from 
there, and the difference between the coordinates 
of a point where said scanning line enters said inner 



15 



EP 0 791 822 A2 




LlI 

Qj «> O I- (/> 



16 



• 



EP 0 791 822 A2 



ID 



oo 



to 



h 



„^ A — 



UJ Z 
|glt 

IQ.QU 



! 



UJ 

§§ 

zee 



ujujuj— 

OQQU 



D £ 
2 Z 2 

CLO<IQO 



UJ 

az 

<h Q: 

^ UJ — 



z 

UJUJO 

ilHq: 

UJLU — 

oou 



< 

% 

V7 — h- 

<n5 — 

UJCTD 
ULJU 

oi-q: 
gcuj~ 

1QU 



Z 



Id 

oz 

<(-q: 
5 UJ — 



Z 

o 

h- 
u 

>- 

O D 
CE U 

a. cr 
x a 



z 
o 

u 

UJH 

o ^ 
ecu 
a. £ 



in 



z 



>- 

lu cr 
cry 



7~ 



CM 



H 

£ u 



z 

Oujcrz) 
otr UJ<J 



la** 



0J 



T 



COLU 
DO 

Si, 

o§o2 



17 



EP 0 791 822 A2 



0 



1 04 BOTTOM 

HIGHLIGHTED 
PORTION 



I03 OPENING HIGHLIGHTED 
PORTION 




-^ — h 



4 L 



, WNI 



WINDOW 



I 

WN2 



WN3 



WNI 



•Q 



WN2 



Fig. 3 



II2 

DEFORMATION 



BOTTOM HIGLIGHTED PORTION 




Fig. 4A 



103 OPENING HIGHLIGHTED 
PORTION 



DUST 



102 CONTAINER 



DUST 



CONCAVE 112- 
DE FORMATION 



102 



Fig. 4B 



18 



EP 0 791 822 A2 




EP 0 791 822 A2 



TB TABLES OF ALLOWABLE VALUES 



VARIATION IN 
COORDINATES 
EXTRACTED 



FROM 



'EST IMAGE 



UPPER 
CIRCLE I/2 



LOWER 
CIRCLE 1/2 



MAXIMUM 
LAVUE TABLE 

TBI 



MINIMUM 
VALUE TABLE 

TB2 



'UJ 

s 



I- =5 
U 




Fig. 6 



20 



EP 0 791 822 A2 



# 



121a 




03 

OPENING 
HIGHLIGHTED 
PORTION 



0 



04 

BOTTOM 
HIGHLIGHTED 
PORTION 



D 



•D1 



Fig. 7A 



121 FIRST FALL POINT 122 LAST RISE POINT 



Q 



01 



Fig. 7B 



21 



# 

EP 0 791 822 A2 



2 INPUTTING 
BINARY - 
IMAGE 



/ 

IMAGE EDGE 

DETECTING 

CIRCUIT 



FIRST 


RISE 


POINT 


MEMORY 


FIRST 


FALL 


POINT 


MEMORY 


LAST 


RISE 


POINT 


MEMORY 


LAST 


FALL 


POINT 


MEMORY 



6A 



•6B 



■ 6C 



~6D 



Fig. 8 



22 



EP 0 791 822 A2 



f START ) 
1 



SWITCHING IMAGE OUTPUT SWITCH 17 TO IMAGE EDGE DETECTING 
CIRCUIT G, AND SETTING [HACK INPUT SWITCH 18 THROUGH 



DETECTING POSITION 



T 



DETERMINING PROCESS AREA 



S3 



SWITCHING IMAGE INPUT SWITCH 18 TO FRAME MEMORY 1 



UPDATING WINDOW NUMRER 



WINDOW SELECTED ? 



S6- 



> 



N 



SWITCHING IMAGE OMTUT SWITCH 17 TO 
DIRECT DETECTING CIRCUIT 7 



SI- 



. DEFECT DETECTING PROCESS 



SWITCHING IMAGE OUTPUT SWITCH 17 TO 
IMAGE EDGE DEJECT I NG CIRCUIT 6 



S3 



PROCESS OF l!tGIIUnilTI:l) PORTION 

I 



S10 



DliTERNINATION 



N 



OIITriJT OF DEFECT 
1 



OUTPUT OF GOOD PRODUCT 
I 



F i g. 9 



rs N D ) 



23 




EP 0 791 822 A2 




24 



EP 0 791 822 A2 




102a 

PROJECTING PORTION 



Fig. 1 1B 



25 



EP 0 791 822 A2 



I2A 



104 

BOTTOM 
HIGHLIGHTED 
PORTION 




02 CONTAINER 



103 OPENING 

HIGHLIGHTED 
PORTION 



101 RING ILLUMINATION 



1 



12B 




•103 

OPENING 

HIGHLIGHTED 

PORTION 



102 



104 BOTTOM HIGHLIGHTED PORTION 



26 



EP 0 791 822 A2 



Fig. 13A 



Fig. 13B 




104 



Wl 
WINDOW 



103 



1 l\\ II) 

i / \ i r 

1/ KU 
i i Ti 

LI — 1 UJ 


iii i 


i 


! I W2 I 1 


i. ws i.i.Ki 



•01 



W3^W4 W4 <W3 



103 



FIRST RISE POINT AO 
104 



AREA E 202- 



201 

MASK PATTERN 




A I LAST FALL 
POINT 



202 mm* 



LAST FALL POINT 



BO < FIRST RISE POINT 



Fig . 14 



27 



EP 0 791 822 A2 




A 05 




AI5 

Fig. 16 



28 



EP 0 791 822 A2 



UPPER LIMIT POSITION 
204 



A04 




L- LIMIT LINE 
Al4 



MA. 

MTDDLE POINT 



Fig. I7A 



/ 
/ 

/ 

/ r 



/\ CAMERA 



/ 



/ 



I02 



Fig. 17 B 



29 



EP 0 791 822 A2 



102 



102-2 



102-1 



102-2 





Fig. 18A 




Fig. 1 8 B 




LEFT ADJACENT POINT 



RIGHT ADJACENT POINT 



Fig. 18C 



30 



EP 0 791 822 A2 



102 




Fig. 19C 



31 




EP 0 791 822 A2 



102 

ADJACENT CONTAINER 
102-1 'TEST CONTAINER 10 < 2-2 



Fig. 20A 





Fig. 20B 



Fig. 20C 




301 30 




PROJECTED POINT OF 

MAXIMUM DIFFERENCE 
APM 



PD 

START POINT OF 

DIFFERENCE. 

DECREASE 



32 



EP 0 791 822 A2 



PROJECTED POINT OF 
MAXIMUM DIFFERENCE 
APM 



103 



PM •• MAXIMUM PROJECTED POINT 



RIGHT ADJACENT POINT 
Tk+4 



4 PICTURE ELEMENT 
Tk 




/3 - AMOUNT OF CORRECTION 



PICTURE ELEMENT NUMBER 



F i g . 2 1 



33 




EP 0 791 822 A2 



° V 
I— .1 

I? 

LU 

O 3 
2 -J 



I— LU 

us 



LU 
-J 
UJ 



qUJUJ 

CD ~ " 



LU 

cr 

ZD — 



li. 

CL- 
DO 



C3 



OQ- 0 



QuZ 

g LU ^ 
$ li. LU 




CD 
OJ 
C\J 

Ll 



34 



EP 0 791 822 



A2 



i-l- 
ou 




o 

2 








i,j UJ CCD 

£<IOO 




/ 

to 





















ii 












- u 




zozq: 


$ 5 







UJ 

^ UJ 



35 




EP 0 791 822 A2 



R 

vU / 
3oco 

UJXX 

cli-i- 



Q 

^ hoc 



or 

§ 

or 

o 
u 




to 



Is 

ft 
oo 

Ox 



— o 


1? 




o 






1 


SMOOTH I 
CIRCUIT 




2£ 
i-Pt 



I 

CM 
rO 



in 



» M- 



93 



pet 



CO CD 



UJ 

cc 

- 

+ UQU 



C\l 



Ljl 











CM 
1 










Is 







UJ 

or 

Q-2<tR 
+ UJQU 




T 



w o => 
p. u 

02U 
CLOCD 



36 



EP 0 791 822 A2 



LEFT CrRCLE 
AREA 

Z3 



AR 

SCANNING 
PIRECTION 



Z1 ' UPPER CIRCLE ARER 

•102 ' CONTAINER 




03' OPENING 

HIGHLIGHTED 
PORTION 

Z4' RIGHT CIRCLE 
' AREA 

104: BOTTOM 

HIGHLIGHTED 
PORTION 



WB : WfNDOW 



Z2 •• LOWER CIRCLE AREA 



Fi g . 25A 




Fig. 25 B 




rK .HF : HIGH FREQUENCY RANGE 



Fig. 25C 



37 



EP 0 791 822 A2 



AREA 




WB 



Fig. 27 



38 



EP 0 791 822 A2 



ILLUMINANCE 
MEASURING 
CIRCUIT 
74 



DEFECTIVE PORTIONS 
7.1 "~~~72 

103 




DEFECTIVE PORTION 73' 

Fig. 28 A 




Fig. 28B 



QA1 



BLACK LEVEL 
THRESHOLD 




SET AMOUNT P- 



Fi g . 28C 



39 



EP 0 791 822 A2 




Fig. 29 



40 



EP 0 791 822 A2 



0 



Q 



0 




Q! 



01 



Fi g. 30C 



